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WRMODYNAMIC PROPERTIES OF UF6 AT HIGH TWERATURES 
by 
H. A. Hassan and J e r r y  E. Deese 
N. C. S t a t e  Un ive r s i ty  
Raleigh, North Caro l ina  
SUMMARY 
The e q u i l i b r i u m  composition of t h e  mixture r e s u l t i n g  from the decomposi- 
t i o n  of uranium hexa f luo r ide  is c a l c u l a t e d  f o r  temperatures  ranging from 600°K 
t o  4000°K a t  p r e s s u r e s  from 0.01 atmospheres t o  10 atmospheres. The s p e c i e s  
considered i n c l u d e  UF 6, UF5, UF4, U ,  F and F2. 
the thermodynamic p r o p e r t i e s  of the mixture are eva lua ted  and t a b u l a t e d .  
model employed f o r  c a l c u l a t i n g  t h e  p r o p e r t i e s  of UF UF and UF is that 
a p p r o p r i a t e  f o r  a r i g i d  r o t o r ,  harmonic o s c i l l a t o r  model. 
In a d d i t i o n  t o  the composition, 
The 
6' 5 4 
INTRODUCTION 
Uranium h e x a f l u o r i d e  i s  one of t h e  more f a m i l i a r  uranium compounds used i n  
the p rocess ing  of n u c l e a r  f u e l s .  
p r e s e n t  day n u c l e a r  technology, t h e  thermodynamic p r o p e r t i e s  and phase rela- 
t i o n s  of UF The recent interest 
i n  gas-core r e a c t o r s  and n u c l e a r  powered iasers 
interest i n  the thermodynamic p r o p e r t i e s  of UF6 a t  h i g h  p r e s s u r e s  and tempera- 
t u r e s .  Cur ren t ly ,  there i s  a con t inu ing  e f f o r t  a t  the Unive r s i ty  of F l o r i d a  
t o  measure the thermodynamic p r o p e r t i e s  using a dev ice  c a l l e d  the b a l l i s t i c  
p i s t o n  compressor. 
heats and p r e s s u r e  and temperature  . 
As a r e s u l t  of work r e l a t e d  t o  its u s e  i n  
1 a t  temperatures  below 600'K a r e  w e l l  known . 6 
2- 4 brought about renewed 
Avai lable  measurements i nc luded  the r a t i o  of t h e  s p e c i f i c  
5 
The o b j e c t  of this i n v e s t i g a t i o n  i s  t o  p r e s e n t  a method f o r  the system- 
a t i c  e v a l u a t i o n  of the thermodynamic p r o p e r t i e s  of and the chemical and phase 
changes i n  UF over  a wide range of p re s su res  and temperatures .  The ca l cu la -  
For t h e  range of t i o n s  allow f o r  t h e  presence of UF 
p res su res  and temperatures  considered i n  t h i s  i n v e s t i g a t i o n ,  t h e  p a r t i a l  pres-  
s u r e s  of the  va r ious  vapors d id  n o t  exceed t h e i r  s a t u r a t i o n  p r e s s u r e s ;  t hus ,  a l l  
t h e  spec ies  p r e s e n t  are i n  t h e  gaseous state. 
6 
UF5, UF4, U, F and F 6 '  2 '  
6 Nagarajan w a s  among t h e  f i r s t  t o  s tudy  t h e  thermodynamic p r o p e r t i e s  of 
UF a t  high temperatures .  H i s  c a l c u l a t i o n s  w e r e  based on a r i g i d  r o t o r ,  
harmonic o s c i l l a t o r  model and w e r e  c a r r i e d  ou t  t o  1600°K. Galkin e t  a l .  
6 
7 
s t u d i e d  the  thermodynamic p r o p e r t i e s  of t h e  uranium p e n t a f l u o r i d e  wh i l e  
Tumanov presented  an empi r i ca l  method f o r  c a l c u l a t i n g  t h e  thermodynamic prop- 
erties of UF 
t ransformat ions  i n  UF 
UF4, F and F 
wi th  a sharp breakdown beginning a t  2200". 
found t o  p e a k  a t  2400"K, w h i l e  t h e  t e t r a f l u o r i d e  peaked a t  about 3200°K. 
p l e t e  decomposition of UF i n t o  UF and f l u o r i n e  w a s  found t o  occur  i n  t h e  
range, 3200 - 3400°K. 
8 
Recent ly ,  Galkin and Tumanov' s t u d i e d  t h e  chemical and phase 4' 
up t o  3400°K; t h e  s p e c i e s  considered where UF6, UF5, 6 
They found UF6 t o  be  s t a b l e  up t o  about 1800°K a t  one atmosphere 2' 
The p a r t i a l  p r e s s u r e  of UF w a s  5 
Com- 
6 4 
The work presented  h e r e  ex tends  t h a t  of  Ref. 9 ;  one more s p e c i e s ,  uranium 
gas ,  has been added t o  t h e  system and t h e  tempera ture  range has  been extended 
t o  4000°K. 
and t h e  r a t i o  of t h e  s p e c i f i c  h e a t s  have been c a l c u l a t e d  and t a b u l a t e d .  
I n  a d d i t i o n ,  t h e  en tha lpy ,  en t ropy ,  f r e e  energy,  s p e c i f i c  heats 
ANALYSIS 
S i x  species are considered i n  this  a n a l y s i s  of  the chemical and phase  
These are F, F2, U, UF4, UF5 and UF6 changes of UF a t  h igh  temperatures .  6 
2 
and w i l l  b e  des igna ted  as spec ie s  1-6, r e spec t ive ly .  The equ i l ib r ium cons tan t  
approach" i s  used t o  determine t h e  equi l ibr ium composition of t h e  mixture .  
There are s i x  unknowns, t hese  be ing  t h e  p a r t i a l  p re s su res  o r  t h e  number of moles 
of each c o n s t i t u e n t  gas ,  so  t h a t  s i x  equat ions  are needed t o  determine the 
system. Two equat ions  are obta ined  from conserva t ion  of  element cons ide ra t ions .  
S t a r t i n g  wi th  one mole of UF6, t h e  conservat ion of element equat ions  can b e  
w r i t t e n  as 
1 = n 2 + n  + n  + n f ;  - 4 5 ,  
and 
6 6 = nl + 2n2 + 4n + 5n + 6n 4 5 
where ni is  t h e  number of moles of spec ie s  i. 
obta ined  from t h e  l a w  of mass action''. 
The o t h e r  f o u r  equa t ions  can b e  
This  law s t a t e s  t h a t ,  f o r  t h e  r e a c t i o n  
V v 
1 a . A  2 1 b .A 
j =1 J j j=l J j  
where A. r e p r e s e n t s  a r e a c t a n t  o r  product ,  a t h e  number of moles of t h e  
reactants, b .  t h e  number of moles of t h e  products  and v t h e  number of  s p e c i e s  
p r e s e n t ,  t h e  equ i l ib r ium cons tan t  i s  given by 
J j 
J 
v (bj-aj)  
Kp(T) = TI P 
j j =1 
where P 
app l i ed  t o  any f o u r  r e a c t i o n s  invo lv ing  the s i x  gases  p re sen t .  
r e a c t i o n s  considered i n  this a n a l y s i s  are 
is  the p a r t i a l  p r e s s u r e  of spec ie s  j .  The la1 of mass a c t i o n  may b e  
j 
The f o u r  
3 
( 0  F2 2 2F 
( i i )  
-f 
UF6 f UF4 + 2F 
( i i i )  
-f 
UF5 f UF4 + F 
Applying the  l a w  of mass a c t i o n  t o  these r e a c t i o n s  and us ing  the r e l a t i o n  
Pi n 
P n  
i , one f i n d s  - -  - -  
2 
K ( T ) = - = - . -  p: nl P 
P l  n2 
2 2 ':'4 - nln4 P 
K ( T ) = - - -  (;I 
p2 ' 6  n6 
K ( T ) = - = -  
p 3  
p4 "4 
4 4 
K ( T ) = - = -  
(3) 
(4) 
where P and n are the t o t a l  p r e s s u r e  and the t o t a l  number of moles, r e s p e c t i v e l y .  
The equi l ibr ium cons tan t s ,  K , are g iven  i n  terms of the Gibbs f r e e  ener-  
P 
g i e s .  For t h e  gene ra l  r e a c t i o n  i n d i c a t e d  by equa t ion  ( 2 ) ,  the equ i l ib r ium 
cons t a n  t i s  
K (T) = Exp [ - AFa/RT] 
P 
where 
Fo(T) is the  s t anda rd  f r e e  energy of  s p e c i e s  i and R i s  the u n i v e r s a l  gas 
cons tan t .  The equ i l ib r ium c o n s t a n t  f o r  r e a c t i o n  (i) i s  t a b u l a t e d  i n  R e f .  11 
j 
4 
along w i t h  the Gibbs f r e e  ene rg ie s  of both monatomic and diatomic f l u o r i n e .  
The f r e e  energy of uranium i s  given i n  Ref .  1 2  wh i l e  the f r e e  ene rg ie s  of UF 
UF 
6'  
and UF 5 4 are c a l c u l a t e d  i n  Appendices A, B and C r e s p e c t i v e l y .  
Equat ions (1) and equa t ions  (3)  - (6) r ep resen t  a system of  s i x  simul- 
taneous equat ions  which can b e  so lved  by i t e r a t i o n  t o  determine t h e  composition. 
Having determined t h e  composition, t h e  thermodynamic p r o p e r t i e s  of t h e  system 
fo l low from the express ions  
i 
c = c  V M i- 1 
y = c / c  
P V  
In  the above equat ions  H(T) is  t h e  enthalpy pe r  mole, AHf298 i s  the h e a t  
of format ion  p e r  mole a t  298°K 11s13, SO(T) i s  the ent ropy  p e r  mole a t  one 
atmosphere,  C (T) and CV(T) are t h e  molar s p e c i f i c  h e a t s ,  M i s  t h e  t o t a l  m a s s  
of t h e  system, o r  352 grams p e r  i n i t i a l  mole  of UF6; h ,  s ,  f ,  c 
en tha lpy ,  en t ropy ,  Gibbs free energy and s p e c i f i c  heats p e r  u n i t  mass of the 
mixture .  
w h i l e  t hose  f o r  li come from Reference 12. 
and UF 
1 
P 
and c 
P V 
t h e  
The thermodynamic func t ions  f o r  F and F2 are taken  from Reference 11, 
Tlierrnodyiiamic propertres of EF6, CF5, 
are c a l c u l a t e d  according t o  procedures o u t l i n e d  i n  Appendices A,B, and C. 4 
5 
When c a r r y i n g  ou t  c a l c u l a t i o n s  similar t o  those  o u t l i n e d  above, the 
p o s s i b l e  appearance of condensed phases of one o r  more of the c o n s t i t u e n t  
s p e c i e s  should n o t  be  overlooked. 
phases of  UF 5 ,  UF4, and U t o  appear i n  the temperature and p r e s s u r e  range con- 
s i d e r e d  here: if t h e  p a r t i a l  p r e s s u r e  of a subs t ance  exceeds i t s  s a t u r a t e d  
vapor p r e s s u r e  a t  some temperature,  a condensed phase w i l l  b e  p r e s e n t  a t  that  
temperature and the c a l c u l a t i o n s  should b e  r epea ted  t o  a l low f o r  the presence 
of such a condensed phase. 
UF5, UF 
were compared, a t  each c a l c u l a t i o n  s t e p ,  w i th  the p a r t i a l  p r e s s u r e s  of the 
appropr i a t e  s p e c i e s  t o  i n s u r e  t h a t  the e x c l u s i o n  of condensed phases i s  a v a l i d  
ass ump t i  on. 
S p e c i f i c a l l y  i t  i s  p o s s i b l e  f o r  condensed 
Expressions f o r  the s a t u r a t e d  vapor p r e s s u r e  of 
Values c a l c u l a t e d  us ing  these expres s ions  and U are l i s t e d  below. 4 
UF s o l i d :  loglo P(mm) = -  8o01 + 13.994; (515 - 619°K) ( 1 3 4  5 T 
- 5388 + 9.819; (619 - 685°K) UF l i q u i d :  loglo P(mm) = ( 1 3 )  T 5 
-(75,100 - 90.3T + 13.8T loglOT) 
3 ; (298-1300°K) (14a) RT UF4 s o l i d :  P(Atm) = Exp[ 
-(70,100 - 115.2T + 23.OT loglOT) 
1 ;  (1309-1710°K) (14b) RT UF liquid:P(Atm) = Exp[ 4 
-(117,000 - 71.8T + 12.OT loglOT) 
3 ; (298-1405°K) (15a) RT U s o l i d :  P(Atm) = Exp[ 
-(110,200 - 47.2T + 5.75T loglOT) 
RT 1; (14O5-420O0K) (15b) U l i q u i d :  P(Atm) = Exp[ 
Equations (13) are given i n  Reference 14  w h i l e  e q u a t i o n s  (14) and (15) are 
taken from Reference 15. 
6 
RESULTS AND DISCUSSION 
The equ i l ib r ium composition of the mixture r e s u l t i n g  from uranium hexa- 
f l u o r i d e  decomposition and the thermodynamic p r o p e r t i e s  of this mixture  were 
c a l c u l a t e d  f o r  p r e s s u r e s  of 0.01, 0.1, 1, and 10 atmospheres, ove r  a tempera- 
t u r e  range from 600 t o  4000°K. 
6 ,  UF5, and UF were obtained us ing  harmonic os- thermodynamic f u n c t i o n s  f o r  UF 
c i l l a t o r ,  r i g i d - r o t o r  models. 
The gases were assumed t o  b e  i d e a l  and the 
4 
# me composition of the mixture  is shown i n  Figures  1-4 and is i i s t e d  i n  
Tables 1-4. 
considered ve r sus  temperature  a t  a t o t a l  p r e s s u r e  of 0.01 atmospheres. 
that uranium h e x a f l u o r i d e  is s t a b l e  up t o  1600°K even a t  this  low p r e s s u r e .  
dFtol. the hwn-iIan.n l .nrr:-n -t 1C;nnO~ thn nnrt;nl n.-ncCI.l.n =f TTF n F F  
"&6 U L Y r U  " IL  
r ap id ly .  Uranium p e n t a f l u o r i d e  p a r t i a l  p re s su re  peaks a t  2000°K while UF4 
reaches a m a x i m u m  a t  s l i g h t l y  less than 2400°K. 
a r a p i d  drop i n  p a r t i a l  p r e s s u r e  a f t e r  reaching t h e i r  peaks. 
decomposition is  complete and t h e  mixture is composed of on ly  uranium and mona- 
tomic f l u o r i n e  gases ,  with very s l i g h t  traces of the o t h e r  s p e c i e s .  
Figure 1 shows p l o t s  of  the p a r t i a l  p r e s s u r e s  of the s ix  s p e c i e s  
Note 
L I I L ~ L  L L A ~  ULS-UVIYU V C ; ~ . L L L O  a~ A V V Y  LLIC ~JLLLLI-A r & L u w u L -  
These compounds a l s o  e x h i b i t  
Above 2800°K the 
The p l o t s  of t h e  equ i l ib r ium p a r t i a l  p r e s s u r e s  f o r  the o t h e r  t o t a l  pres- 
s u r e s  cons ide red  have s imi la r  gene ra l  c h a r a c t e r i s t i c s .  
i n i t i a l  drop i n  t h e  h e x a f l u o r i d e  p a r t i a l  p r e s s u r e  beg ins  a t  1800°K when the 
t o t a l  p r e s s u r e  is 0.1 atmospheres. T o t a l  breakdown t o  uranium and f l u o r i n e  
t a k e s  p l a c e  a t  3200°K with t h e  p e n t a f l u o r i d e  and the t e t r a f l u o r i d e  peaking a t  
2200°K and 2550°K r e s p e c t i v e l y ,  A t  one atmosphere, as shown i n  Figure 3, the 
h e x a f l u o r i d e  is s t a b l e  up t o  2000°K with the decomposition b e i n g  completed a t  
approximately 3600°K. 
Figure 2 shows t h a t  the 
A t  a t o t a l  p re s su re  of 10 atmospheres Figure 4 shows 
7 
decomposition s t a r t i n g  a t  2400°K and be ing  completed a t  a temperature  g r e a t e r  
than 4000°K. 
h ighe r  temperature and slows t h e  rate of dec rease  of t h e  p a r t i a l  p r e s s u r e s  of 
t h e  uranium compounds. 
B a s i c a l l y  a p r e s s u r e  i n c r e a s e  only s h i f t s  the decomposition t o  a 
Figure 5 shows the r a t i o  of s p e c i f i c  heats f o r  p r e s s u r e s  of 0.01 and 10 
atmospheres as a func t ion  of temperature  and compares the r e s u l t s  of  the 
theory with the measurements of  Ref. 5. 
t y p i c a l  of p u r e  UF 6' 
i n d i c a t e d  i n  Figures  1 and 4 .  
good agreement w i t h  experiment. 
The behavior  below 1600°K is  t h a t  
Above 1600"K, the behavior  r e f l e c t s  the decomposition 
It is  seen t h a t  t h e  r e s u l t s  of the theo ry  are i n  
1 
The thermodynamic p r o p e r t i e s  of the mixture  are l i s t e d  i n  T a  b les 5-8. 
The l a r g e  n e g a t i v e  va lues  f o r  t h e  en tha lpy  and f r e e  energy are a r e s u l t  of the 
choice of the en tha lpy  r e f e r e n c e ,  which i s  chosen so that the e n t h a l p i e s  of the 
elements i n  their  n a t u r a l l y  occur r ing  s ta te  are ze ro  a t  298°K. Thus t h e  en- 
thalpy of the mixture  as c a l c u l a t e d  by Equation 7 i s  a l a r g e  n e g a t i v e  number 
6 ,  UF5, and UF have l a r g e  n e g a t i v e  heats of formation . Table 5 since UF 
lists the thermodynamic p r o p e r t i e s  f o r  a p r e s s u r e  of 0.01 atmosphere over  the 
temperature range from 600°K t o  4000"K, w h i l e  6,  7 ,  8 l i s t  the thermodynamic 
13 
4 
p r o p e r t i e s  f o r  p r e s s u r e s  of 0.1, 1, and 10 atmospheres r e s p e c t i v e l y ,  over  the 
same temperature range. 
mixture ,  except of course i n  t h e  c a s e  of y which is  dimensionless .  
The p r o p e r t i e s  of the mixture  are given p e r  gram of 
The thermodynamic f u n c t i o n s  of UF 6 ,  UF5, and UF4 are l i s t e d  i n  Tables  9-11. 
This  d a t a  is a r e s u l t  of c a l c u l a t i o n s  performed as o u t l i n e d  i n  Appendices A, B,  
and C. These p r o p e r t i e s  are given on a p e r  mole b a s i s .  
8 
Comparison of the p a r t i a l  p ressures  l i s t e d  i n  Tables  1-4 wi th  s a t u r a t e d  
vapor p r e s s u r e s  of UF 
gaseous system. The s a t u r a t e d  vapor pressures  are g iven  i n  Tables  12, 13 and 
1 4  a t  s e l e c t e d  temperatures .  
w e l l  below t h e  s a t u r a t e d  vapor pressures  over  a l l  ranges of temperature  and 
p res su res  considered. 
UF and U h a s  confirmed the v a l i d i t y  of a t o t a l l y  5' 4 
The p a r t i a l  p re s su res  of a l l  t h r e e  s p e c i e s  are 
F i n a l l y  t h e  equ i l ib r ium cons tan t s  f o r  React ions (ii), ( i i i ) ,  and ( i v )  are 
inc luded  i n  Table  16. 
given i n  Tables  9-12 and Ref. 11. The ve ry  s m a l l  va lues  of the equ i l ib r ium 
cons tan t s  a t  low temperatures  are i n d i c a t i v e  of t h e  s t a b i l i t y  of uranium hexa- 
f l u o r i d e  a t  temperatures  less than  1500°K. 
These va lues  were c a l c u l a t e d  from t h e  f r e e  energy d a t a  
CONCLUSION 
The model ' f o r  t h e  decompokition of uranium hexa f luo r ide  presented  h e r e ,  
which al lows f o r  t h e  presence  UF 6, UF5, UF4, F, F2, and U as  p o s s i b l e  c o n s t i t -  
u e n t s ,  shows that  the compound is  very  s t a b l e  up t o  1500°K f o r  p re s su res  
g r e a t e r  t han  0.01 atmospheres. 
and 4000°K UF breaks  down i n t o  a mixture  of uranium and monatomic f l u o r i n e  
gases ,  
impor tan t  i n  t h e  2000-3500°K range. 
tance over  t h e  e n t i r e  tempera ture  range considered.  
increases t h e  tempera ture  a t  which the  decomposition begins  and slows the r a t e  
of decomposition. 
However i n  t h e  tempera ture  range between 1500°K 
6 
Both uranium p e n t a f l u o r i d e  and uranium t e t r a f l u o r i d e  gases  become 
Diatomic f l u o r i n e  is  o f  n e g l i g i b l e  impor- 
An i n c r e a s e  i n  p r e s s u r e  
9 
Cer ta in ly  the thermodynamic p r o p e r t i e s  of t h e  mixture  are a f f e c t e d  by t h e  
hexa f luo r ide  breakdown. 
as t h e  composition s h i f t s .  
decomposition i n t o  cons idera t ion .  
The va lues  of t h e  thermodynamic p r o p e r t i e s  vary widely 
Any work involv ing  UF6 above 1500'K should take 
10 
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APPENDIX A: THERMODYNAMICS PROPERTIES OF UF6 
The thermodynamic p r o p e r t i e s  of i d e a l  gases  can b e  c a l c u l a t e d  from know- 
ledge  of their p a r t i t i o n  func t ions  l6'I7. The p a r t i t i o n  func t ion  c o n s i s t  of 
t r a n s l a t i o n a l ,  r o t a t i o n a l ,  v i b r a t i o n a l ,  and e l e c t r o n i c  components. Expressions 
f o r  these components, and the d e r i v a t i o n  of t h e  thermodynamic p r o p e r t i e s  from 
them, are ou t l ined  below. 
The t r a n s l a t i o n a l  p a r t i t i o n  func t ion  has  t h e  same form f o r  a l l  molecules.  
can b e  Des igna t ing  the p a r t i t i o n  func t ion  by Z ,  t h e  t r a n s l a t i o n a l  component Z 
expressed as 
t 
where m is t h e  mass of t h e  p a r t i c l e ,  h i s  Planck ' s  cons t an t ,  k i s  Boltzmann's 
cons t an t ,  N i s  Avogadro's number, P is the  abso lu te  p r e s s u r e  and T i s  the 
tempera ture  . The mass pe r  p a r t i c l e  f o r  UF6 is 5.84 x grams. 16 
The r o t a t i o n a l  p a r t i t i o n  func t ion  i s  dependent on t h e  s t r u c t u r e  of the 
p a r t i c u l a r  molecule involved. 
t i o n  f u n c t i o n  is given by 
For a polyatomic molecule t h e  r o t a t i o n a l  p a r t i -  
16 
3/2  2 ZR = - T IT (I I I )'I2 (27rkT) 3 x y z  oh 
where 0, the r o t a t i o n a l  symmetry number, i s  12 f o r  oc t ahedra l  molecules such as 
1 UF6 . 
moments of  i n e r t i a  are equal .  
A molecule of t h i s  t y p e  is a s p h e r i c a l  top  and a l l  three of i t s  p r i n c i p l e  
The moments of i n e r t i a  a r e  
2 - 1  = I  = 4 . 0 % r  =x y z 
11 
where m is  the mass of t h e  f l u o r i n e  atom and r i s  the U-F bond d i s t a n c e ,  
1.99A. 
F 
" 6  The expres s ion  given above assumes t h e  molecule t o  b e  a r i g i d  r o t o r .  
The v i b r a t i o n a l  p a r t i t i o n  func t ion  a l s o  depends on t h e  molecular  s t r u c -  
t u re .  Assuming a harmonic o s c i l l a t o r  model, one f i n d s  
1 n z = n  V 
is1 1 - exp(- hcvi/kT) (A3 ) 
h e r e  n is t h e  number of  p r i n c i p l e  v i b r a t i o n  f r equenc ie s ,  v i s  t h e  frequency i 
-1 i n  cm u n i t s ,  and c is  t h e  speed of U r a n i u m  hexa f luo r ide  has s i x  
-1 -1 p r i n c i p l e  f r equenc ie s ,  which are: v = 667.0 cm , v2  = 5 3 5 . 0  cm , 1 
-1 -1 -1 -1 1 v = 623.0 c m  , v4 = 181 c m  , v 5  = 202.0 c m  , and v = 140.0 cm . For 3 6 
3' an oc tehedra l  molecule,  v 
v4, v5, and v are t r i p l y  degenera te  . Thus n i s  f i f t e e n  i n  t h i s  case. I n  
gene ra l  f o r  non-l inear  polyatomic molecules n = 3P-6 where P i s  t h e  number of 
i s  non-degenerate, v2 i s  doubly degenera te  and v 1 
1 7  
6 
atoms i n  the molecule. 
The e l e c t r o n i c  p a r t i t i o n  func t ion  used i n  t h i s  a n a l y s i s  assumes the mole- 
c u l e  t o  b e  i n  i t s  ground state. Thus 
w i t h  g be ing  u n i t y  i n  t h e  case  of t h e  hexa f luo r ide .  e 
0 
I n  summary t h e  p a r t i t i o n  func t ion  i s  t h e  product  of t h e  fou r  func t ions  o r  
Having def ined  t h e  p a r t i t i o n  f u n c t i o n  w e  can then d e r i v e  t h e  T R v  e' Z = Z Z 2 Z 
thermodynamic func t ions  from i t .  The r e s u l t s  of  t h i s  d e r i v a t i o n  are given 
below. 
16,17 For en tha lpy  
12 
2 a(Rnz) 
H = R T + R T  [- aT I v + H o  9 
and s u b s t i t u t i n g  f o r  Z 
hcvi 
= -  ei 
n 
i= 1 exp(ei/T)-l ' 'i k 
H - Ho = 4RT + 1 
where H is  the entha lpy  a t  a b s o l u t e  zero.  In o r d e r  t o  e s t a b l i s h  2 9 8 ° K  as the  
r e fe rence  temperature one employs t h e  r e l a t i o n  
0 
= (H - H ) - (H,,* - Ho). - H298 3 &A" 
16,17 The en t ropy  is given by 
S = R + RT[ a(!Lnz)]v a T  + R !Ln(Z/N) 
o r  
S = (H - Ho)/T + R !Ln(Z/N) . 
17 The expres s ion  f o r  t h e  Gibbs free energy i s  
F = Ho - RT Ln(Z/N) 
o r  
- (F - Ho)/T = R !Ln(Z/N) 
The s p e c i f i c  h e a t s  may also be determined from 
and 
The r e s u l t s  of the c a l c u l a t i o n  of t h e  thermodynamic p r o p e r t i e s  of uranium 
hexa f luo r ide  u s i n g  the procedure and equa t ions  o u t l i n e d  above are given i n  
Table  9. 
the mixture p r o p e r t i e s .  
mole i n  Reference 13. 
These va lues  along with t h e  heat of formation w e r e  used t o  c a l c u l a t e  
The heat of formation of UF i s  given as - 505 kcal/  6 
APPENDIX B: THERMODYNAMIC PROPERTIES OF UF5 
The thermodynamic p r o p e r t i e s  of  uranium pentaf  l u o r i d e  can b e  c a l c u l a t e d  
using Equations Al-A9 provided the requ i r ed  s t r u c t u r a l  and v i b r a t i o n a l  d a t a  can 
b e  obtained. 
r equ i r ed .  
p a r t i c l e  i s  5.54 x 10 
For the t r a n s l a t i o n a l  p a r t i t i o n  f u n c t i o n  only t h e  m a s s ,  b, i s  
The p e n t a f l u o r i d e  molecular weight i s  333 grams s o  that  the mass p e r  
-22 grams. 
Spectroscopic  d a t a  r equ i r ed  f o r  the de te rmina t ion  of the r o t a t i o n a l  and 
v i b r a t i o n a l  f u n c t i o n s  i s  more d i f f i c u l t  t o  o b t a i n .  Until r e c e n t l y  no thermo- 
dynamic da ta  w a s  a v a i l a b l e  f o r  UF 
method i s  developed f o r  t h e  c a l c u l a t i o n  of the thermodynamic p r o p e r t i e s .  
p e n t a f l u o r i d e s  exist i n  t r i g o n a l  bipyramid and t e t r a g o n a l  pyramid forms. 
e f f e c t  of th is  d i f f e r e n c e  on the thermodynamic d a t a  as c a l c u l a t e d  us ing  the 
p a r t i t i o n  f u n c t i o n  method is shown t o  b e  s l i g h t 7 ,  s o  that  c a l c u l a t i o n s  may b e  
made assuming e i t h e r  of the two p o s s i b l e  s t r u c t u r e s .  
molecule is assumed t o  b e  t r i g o n a l  bipyramid. 
f requencies  and t h e i r  degeneracies  f o r  UF assuming this s t r u c t u r e  are 
tiowever i n  Reference 7 a semi-empirical  5 '  
Many 
The 
In  this  a n a l y s i s  the 
The e i g h t  normal v i b r a t i o n a l  
7 
5 
v = 677 cm- l  1 
v 2 = 684 g2 = 1 
14 
v = 663 3 
v4 = 521 
v = 606 5 
v6 = 372 
83 = 1 
84 = 1 
85 = 2 
v 7 = 99 87 = 2 
and v8  = 178 g 8 = 2 .  
The product  of the p r i n c i p l e  inertias i s  given as 728 x 10  
bond d i s t a n c e  be ing  1.994i.7 
molecule is  6 while the ground e l e c t r o n i c  state is  doubly degenerate  . 
gm3 c m  w i t h  the 
The r o t a t i o n a l  symmetry number f o r  th.is  t ype  
7 
With the above d a t a  the thermodynamic p r o p e r t i e s  of UF 
The r e s u l t s  are l i s t e d  i n  Table 10. 
can b e  c a l c u l a t e d  
This d a t a  a long 
5 
us ing  Equations Al-A9. 
w i t h  the heat of formation of UF 
la te  t h e  mix tu re  p r o p e r t i e s  . 
a t  298"K, - 440 kcal/mole,  w a s  used t o  calcu- 
5 
13 
APPENDIX C: THERMODYNAMIC PROPERTIES OF UF4 
In a t t empt ing  t o  use  Equations Al-A9 t o  c a l c u l a t e  the thermodynamic prop- 
erties of uranium t e t r a f l u o r i d e  many of the same problems t h a t  caused d i f f i c u l t y  
in the p e n t a f l u o r i d e  case a r o s e  again. 
ence 8, and procedures  similar t o  t h o s e  used i n  the p e n t a f l u o r i d e  c a l c u l a t i o n  
are employed again.  
These problems are d i scussed  i n  r e f e r -  
The s t r u c t u r e  of the t e t r a f l u o r i d e  molecule is n o t  known b u t  it is  assumed 
t o  b e  a r e g u l a r  t e t r ahedron .  The impl i ca t ion  h e r e  is that the thermodynamic 
15 
func t ions  a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  the p a r t i c u l a r  s t r u c t u r e  chosen. The 
v i b r a t i o n a l  f r equenc ie s  and degenerac ies  f o r  t h e  assumed t e t r a h e d r a l  s t r u c t u r e  
a r e  7 
-1 
v = 555 cm 81 = 1 1 
v = 147  82 = 2 2 
v = 566 83 = 3 3 
v 4  = 177 g4 = 3 
The moments of i n e r t i a  are equa l  because a t e t r a h e d r a l  molecule i s  a s p h e r i c a l  
top. From Reference 8 one f i n d s  t h a t  Ix = I - = 366 x 10 gm c m  . The 
r o t a t i o n a l  symmetry number i s  12 f o r  molecules of t h i s  type.  The molecular  
-40 2 
y - IZ 
-22 weight  i s  314 grams and this  r e s u l t s  i n  a p a r t i c l e  m a s s  of 5.21 x 10 grams. 
The e l e c t r o n i c  ground state degeneracy is assumed t o  be u n i t y .  The h e a t  of 
formation of gaseous UF 
The r e s u l t s  obtained us ing  t h e  above d a t a  and Equat ions Al-A9 a r e  l i s t e d  i n  
Table 11. 
a t  298'K i s  given i n  Reference 13 as  -366 kcal /mole.  4 
16 
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TABLE 1: PARTIAL PRESSURES OF CONSTITUENT SPECIES, TOTAL PRESSURE = 0.01 ATM. 
1 
Temp '6 p5 p4 p2 p1 p3 
O K  Atm Atm Atm Atm Atm Atm 
800 
I 1200 
1600 
2000 
2400 
2800 
3200 
3600 
4000 
- 
2.31~10-~' 
3.90~10~~ 
8.44~10~~ 
3.11~10-~ 
-4 3.40x10 
1.82~10-~ 
7.3 x1o-I2 
- 
2.42~. 0-l' 
2. 01x10-8 
9.25~10-~ 
3.59~10-~ 
A. 1 7Gp-8 # 4 d  A" 
7.3 x1~-9 
3.6 x1~-9 
- 
8.30~10-~ 
6. O ~ X ~ O - ~  
4.53~10-~ 
6. ~ ~ x I O - ~  
8. 37x10-3 
8.5 7~10-~ 
8.57~10-~ 
8.5 ~ x I O - ~  
- 
- 
- 
5. 02x10-8 
A. '-"I.&" 7 ~ n - 3  
1.43~10-~ 
1.43~10-~ 
1.43~10-~ 
TABLE 2: PARTIAL PRESSURES OF CONSTITUENT SPECIES, TOTAL PRESSURE = 0.1 ATM. 
Atm Atm Atm A t m  Atm Atm 
800 
1200 
1600 
2000 
2400 
2800 
3200 
3600 
4000 
1. ooxlo-l 
9. 99x10-2 
9.60~10-~ 
5.71~10-~ 
4.54~10-~ 
5.24~10-~ 
9.25~10-~ 
2.06~10-l'~ 
- 
2. 65x1f5 
1.97~10-~ 
1.9 3~10-~ 
1.78~10-~ 
2.07~10-~ 
1.7 7xN5 
1.60~10-~ 
- 
- 
2.36xlO-'' 
3.9 4~10-~ 
1.19~10-~ 
1. 99x10-2 
3. 19x10-2 
7.3 x 1 ~ - 7  
1.66~10-~ 
1.3 7x10-' 
- 
2.3 7xf9 
2.18~10-~ 
2. 12x10-6 
2.7 8~10-~ 
1.08~10-~ 
7.15~10-~ 
3.60~10-~ 
2.02~10-~ 
2.60x10-' 
1.9 8~10-~ 
2.17~10-~ 
5.7 7~10-~ 
6.60~10-~ 
8.47~10-~ 
8.5 7~10-~ 
8.5 7~10-~ 
5.35~10-'I 
3 .  12x10-5 
1.36~10-~ 
1.43~10-~ 
1.43~10-~ 
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TABLE 3: PARTIAL PRESSURES OF CONSTITUENT SPECIES, TOTAL PRESSURE = 1.0 ATM. 
Temp '6 p5 p4 p2 p1 p 3  
OK- A t m  A t m  A t m  A t m  A t m  A t m  
800 
1200 
1600 
2000 
2400 
2800 
3200 
3600 
4000 
1.0 
9. 99x10-1 
9. 87x10-1 
8. 42x10-1 
3.6 8xlO-I 
3 . 1 4 ~ 1 0 - ~  
1 . 0 6 ~ 1 0 - ~  
1.39 x 1 f 5  
3.53x10-' 
- 
8 . 6 1 ~ 1 0 - ~  
6.3 3 x 1 f 3  
7 . 6 9 ~ 1 0 - ~  
0.246 
1. 37x10-1 
2 . 6 0 ~ 1 0 ~ ~  
1 . 1 2 ~ 1 0 - ~  
8 . 4 2 ~ 1 0 - ~  
- 
2.49~10- lo  
3 . 9 5 ~ 1 0 - ~  
1. ~ O X ~ O - ~  
4.6 8 ~ 1 0 - ~  
2. 32x10-1 
0.314 
5 . 2 9 ~ 1 0 - ~  
1.3 7 ~ 1 0 - ~  
- 
8. O X ~ O - ~  
6 .  ~ ~ x I O - ~  
7 . 9 4 ~ 1 0 - ~  
3. 40x10-1 
5.  99x10-1 
0.658 
0.826 
0.857 
3 . 3 2 ~ 1 0 ~ ~  
7.0 ~ x I O - ~  
0.120 
0.1428 
TABLE 4: PARTIAL PRESSURES OF CONSTITUENT SPECIES, TOTAL PRESSURE = 10 ATM. 
Temp '6 p5 p4 p2 p1 p3 
OK' A t m  A t m  A t m  A t m  A t m  A t m  
80 0 
1200 
1600 
2000 
2400 
2800 
3200 
3600 
4000 
1 1.0 x10 
9.999 
9.96 
9.47 
7.36 
3.32 
0.551 
4. 8ox10-2 
4. O ~ X ~ O - ~  
- 
- 
2.02x. o-2 
0.261 
1.23 
2.36 
1.54 
0.493 
0.114 
- 
- 
3.9 8 ~ 1 0 - ~  
1 . 3 3 ~ 1 0 - ~  
5. 9ox10-2 
0.655 
2.12 
2.98 
2.20 
- 
- 
2. 01x10-2 
0.263 
1.35 
3.66 
5.78 
6.47 
7.23 
- 
- 
- 
- 
- 
6. 75x10-l1 
8 . 0 3 ~ 1 0 - ~  
1 . 8 0 ~ 1 0 - ~  
0.453 
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TABLE 5:  THERMOLIYNAMIC PROPERTIES OF MIXTURE, P R E S S L J  = 0.01 ATM. 
Enthalpy E n t r o p y  Free Energy 
C C 
Temp h s f P V Y 
O K  kcal/gm cal/gm/ deg kcal/gm cal/gm/ O K  cal/gm/ O K  
600 
80 0 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 
3200 
3400 
3600 
3800 
4000 
- 1.410 
- 1.385 
- 1.364 
- 1.343 
- 1.320 
- 1.286 
- 1.215 
- 1.060 
- 0.852 
- 0.747 
- 0.684 
0.319 
0.607 
0.630 
0,652 
0.674 
0.696 
0.718 
0.349 
0.379 
0.402 
0.421 
0.439 
0.462 
0.503 
0.584 
0.683 
0.730 
0.755 
1.123 
1.224 
1.232 
1.238 
1.244 
1.250 
1.256 
- 1.620 
- 1.688 
- 1.766 
- 1.849 
- 1,935 
- 2.025 
- 2.120 
- 2.228 
- 2.356 
- 2.498 
- 2.646 
- 2.825 
- 3.065 
- 3.310 
- 3.557 
- 3.806 
- 4.055 
- 4.306 
0.1012 
0.1037 
0.1050 
0.1056 
n i lOhO 
0.1062 
0.1058 
0.1044 
0.1026 
0.1018 
0.1017 
0.1072 
0.1090 
0.1093 
0.1096 
0.1100 
0.1104 
0.1109 
0.0955 
0.0981 
0.0993 
0.1000 
0.1003 
0.1002 
0.0986 
0.0941 
0.0880 
0.0854 
0.0845 
0.0725 
0.0695 
0.0697 
0.0700 
0.0704 
0.0709 
0.0714 
1.059 
1.057 
1.057 
1.056 
1.05? 
1.060 
1.073 
1.110 
1.165 
1.192 
1.204 
1.479 
1.568 
1.567 
1 .564  
1 . 5 6 1  
1.557 
1.553 
2 1  
TllBLE 6 : THERMODYNAMIC PROPERTIES OF MIXTURE, PRESSURE = 0.1 ATM. 
Enthalpy Entropy Free Energy 
C C 
Temp h S € P V Y 
O K  kcal/gm cal/gm/deg kcal/gm cal/gm/OK cal/gm/"K 
600 
800 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2 800 
3000 
3200 
3400 
3600 
3800 
4000 
- 1.406 
- 1.385 
- 1.364 
- 1.343 
- 1.321 
- 1.296 
- 1.259 
- 1.193 
- 1.067 
- 0.885 
- 0.755 
- 0.696 
- 0.503 
0.490 
0.650 
0.674 
0.696 
0.718 
0.3361 
0.3656 
0.3889 
0.4082 
0.4250 
0.4418 
0.4633 
0.4981 
0.5580 
0.6372 
0.6893 
0.7112 
0.7768 
1.098 
I. 146 
1.153 
1.159 
1.165 
- 1.607 
- 1.678 
- 1.753 
- 1.833 
- 1.916 
- 2.003 
- 2.093 
- 2.189 
- 2.294 
- 2.414 
- 2.547 
- 2.687 
- 2.833 
- 3.021 
- 3.248 
- 3.478 
- 3.709 
- 3.942 
0.1012 
0.1037 
0.1050 
0.1056 
0.1061 
0.1063 
0.1063 
0.1059 
0.1048 
0.1032 
0.1021 
0.1017 
0.1026 
0.1084 
0.1095 
0.1100 
0 1104 
0.1109 
0.0955 
0.0981 
0.0993 
0.0999 
0.1004 
0.1005 
0.1002 
0.0987 
0.0951 
0.0898 
0.0863 
0.0851 
0.0828 
0.0714 
0.0701 
0.0704 
0.0709 
0.0714 
1.059 
1.058 
1.057 
1.057 
1.056 
1.057 1 
1.061 
1.073 
1.102 
1.149 
1.183 
1.195 
1.238 
1.519 1 
1.563 
1.561 
1.558 
1.553 
'I 
1 
1 - - _  
22 
TABLE 7; THERMODYNAMIC PROPERTIES OF MIXTURE, PRESSURE = 1.0 ATM. 
Enthalpy Entropy Free Energy 
C C 
Temp h S € P V Y 
OK kcal/gm cal/gm/ OK kcal/gm cal/gm/OK cal/gm/'K 
600 - 1.406 0.3231 - 1.599 0,1012 0.0955 1.059 
800 - 1.385 0.3526 - 1.667 0.1037 0.0981 1.058 
1000 - 1.364 0.3759 - 1.740 0.1050 0.0993 1.057 
1200 - 1.343 0.3951 - 1.817 0.1056 0.1000 1.057 
1400 - 1.322 0.4116 - 1.898 0.1061 0.1004 1.056 
1600 - 1.299 0.4266 - i.982 0 .  io63 0.iO06 i.057 
1800 - 1.273 0.4420 - 2.069 0.1065 0.1007 1.058 
2000 - 1.238 0.4605 - 2.159 0.1064 0.1003 1.061 
2200 - 1.184 0.4862 - 2.253 0.1061 0.0992 1.070 
- 3 mn .-" - &."17 i noin 0. 5251 - L. 7 4a-l Q<l* 0.1054 0.0969 A . " V V  
2600 - 0.956 0.5801 - 2.465 0.1042 0.0929 1.121 
2800 - 0.809 0.6349 - 2.586 0.1029 0.0887 1.159 
3000 - 0.713 0.6681 - 2.717 0.1021 0.0863 1.183 
3200 - 0.659 0.6856 - 2.853 0.1018 0.0853 1.194 
3400 - 0.507 0.7309 - 2.993 0.1024 0.0835 1.226 
3600 0.277 0.9542 - 3.159 0.1074 0.0749 1.433 
3800 0.672 1,062 - 3.364 0.1102 0.0711 1.550 
4000 0,717 1.074 - 3.578 0.1109 0.0714 1.553 
1 n Q Q  
I 
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TABLE 8: TKERMODYNAMIC PROPERTIES OF MIXTURE, PRESSURE = 10.0 ATM. 
_ _ _ ~ ~  - ~~ 
C C 
Enthalpy Entropy Free Energy 
Temp h S f P V Y 
OK kcal/gm cal/gm/OK kcal/gm cal/gm/OK cal/gm/OK 
600 
800 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 
3200 
3400 
3600 
3800 
4000 
- 1.406 
- 1.385 
- 1.364 
- 1.343 
- 1.322 
- 1.300 
- 1.278 
- 1.252 
- 1.221 
- 1.179 
- 1.120 
- 1.036 
- 0,921 
- 0.799 
- 0.704 
- 0.642 
- 0.584 
- 0.361 
0.3101 
0.3396 
0.3629 
0.3821 
0.3985 
0.4130 
0.4264 
0.4399 
0.4548 
0.4728 
0.4962 
0.5257 
0.5669 
0.6063 
0.6353 
0.6531 
0.6686 
0.7254 
- 1.592 
- 1.657 
- 1.727 
- 1.802 
- 1.880 
- 1.961 
- 2.045 
- 2.132 
- 2.221 
- 2.314 
- 2.411 
- 2,513 
- 2.622 
- 2.739 
- 2.864 
- 2.992 
- 3.125 
- 3.263 
0.1012 
0.1037 
0.1050 
0.1057 
0.1061 
0.1063 
0.1065 
0.1066 
0.1066 
0.1064 
0.1060 
0.1054 
0.1043 
0.1033 
0.1025 
0.1020 
0.1019 
0.1032 
0.0955 
0.0981 
0.0993 
0.1000 
0.1004 
0.1007 
0.1008 
0.1008 
0.1005 
0.0999 
0.0986 
0.0964 
0.0933 
0.0899 
0.0874 
0.0860 
0.0852 
0.0829 
1.059 
1.058 
1.057 
1.057 
1.056 
1.056 
1.057 
1.058 
1.060 
1.065 
1.075 
1.092 
1.119 
1.149 
1.173 
1.186 
1.200 
1.246 
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TABLE 9: THERMODYNAMIC PROPERTIES OF URANIUM HEXAFLUORIDE 
- (F-H29 
cv S C H"29 8 T P 
Temp 
OK kcal/mole cal/mole/OK cal/mole/ O K  cal/mole/ OK cal/mole/ OK 
600 
800 
1000 
1200 
i400 
1600 
1800 
2000 
22OO 
2400 
2600 
2800 
3000 
3200 
3400 
3600 
3800 
4000 
10.24 
17.46 
24.81 
32.22 
39.67 
47.14 
54.63 
62.14 
69.65 
77.16 
84.69 
92.21 
99 74 
107.27 
114.81 
122.34 
129.88 
137.41 
86.05 
94.33 
101.14 
106.91 
iii.93 
116.40 
120.33 
123.92 
177 ?n 
130.22 
133.02 
135.62 
138.06 
140.34 
142.50 
144.54 
146.48 
148.32 
.La, .I" 
113.75 
124.10 
132.32 
139.10 
i44.8i 
149.80 
154.22 
158.20 
1c;l 7c; 
A".-. # "  
165.03 
168.04 
170.83 
173.43 
175.86 
178.14 
180.30 
182.34 
184.27 
35.62 
36.51 
36.94 
37.18 
37.33 
37.43 
37.50 
37.55 
17 < Q  
d .  .a- 
37.61 
37.63 
37.65 
37.66 
37.67 
37.68 
37.69 
37.70 
37.70 
33.63 
34.52 
34.95 
35.19 
35.35 
35.44 
35.51 
35.54 
?'; An 
35.62 
35.64 
35.66 
35.67 
35.68 
35.69 
35.70 
35.71 
35.72 
d d  ."- 
25 
TABLE 10: THERMODYNAMIC PROPERTIES OF URANIUM PENTAFLUORIDE 
-(F-H ) 
H-H2 9 8 T C P cv S 
29 8 Temp 
OK kc a1 /mo le cal/mole/"K cal/mole/'K cal/mole/"K cal/mole/"K 
600 
800 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 
3200 
3400 
3600 
3800 
4000 
8.33 
14.33 
20.47 
26.67 
32.92 
39.19 
45.50 
51.79 
58.11 
64.43 
70.76 
77.09 
83.42 
89.76 
96.10 
102.44 
108.79 
115.13 
82.32 
89.00 
94.55 
99.29 
103.41 
107.07 
110.35 
113.33 
116.05 
118.56 
120.88 
123.05 
125.08 
126.98 
128.78 
130.49 
132.11 
133.64 
104.57 
113.20 
120.04 
125.70 
130.51 
134.70 
138.41 
141.73 
144.74 
147.50 
150.05 
152.37 
154.57 
156.60 
158.53 
160.34 
162.05 
163.68 
29.45 
30.41 
30.89 
31.16 
31.33 
31.43 
31.51 
31.56 
31.60 
31.63 
31.66 
31.68 
31.69 
31.70 
31.71 
31.72 
31.73 
31.74 
27.46 
28.43 
28.91 
29.17 
29.34 
29.45 
29.52 
29.58 
29.62 
29.65 
29.67 
29.69 
29.70 
29.72 
29.73 
29.74 
29.74 
29.75 
TABLE 11: THERMODYNAMIC PROPERTIES OF URANIUM TETRAFLUORIDE 
~~ 
-(F-H29 8) 
V 
S C C 
H"29 8 T P 
Temp 
OK kcal/mole cal/mole/ O K  cal/mole/OK cal/mole/ O K  cal/mole/ OK 
600 
800 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2 800 
3000 
3200 
3400 
3600 
3800 
4000 
7.12 
12.09 
17.14 
22.23 
27.34 
32.46 
37.59 
42.73 
47.88 
53.02 
58.17 
63.33 
68.48 
73.63 
78.79 
83.95 
89.11 
94.27 
76.76 
82.65 
87.45 
91.50 
95.00 
98.08 
100.84 
103.33 
105.60 
107.69 
109.63 
111.42 
113.11 
114.68 
116.17 
117.58 
118.91 
120.18 
96.56 
103.72 
109.35 
113.99 
117.93 
121.35 
124.37 
127.08 
129.53 
131.77 
133.83 
135.74 
137.52 
139.18 
140.75 
142.22 
143.62 
144.94 
24.60 
25.11 
25.37 
25.51 
25.59 
25.65 
25.69 
25.71 
25.73 
25.75 
25.76 
25.77 
25.78 
25.79 
25.79 
25.80 
25.80 
25.80 
22.61 
23.13 
23.38 
23.52 
23.60 
23.66 
23.70 
23.73 
23.75 
23.76 
23.78 
23.79 
23.79 
23.80 
23.80 
23.81 
23.81 
23.82 
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TABLE 12: SATURATED VAPOR PRESSURE OF URANIUM PENTAFLUORIDE 
T e m p e r a t u r e  
OK 
V a p o r  Pressure 
Atm.  
-~ 
600 0.006 
* 
700 0.174 
* 
E x t r a p o l a t i o n  
TABLE 13: SATURATED VAPOR PRESSURE OF URANIUM TETRAFLUORIDE 
Temp era t u  r e 
OK 
V a p o r  P r e s s u r e  
Atm. 
~~~ ~~. 
600 
800 
1000 
1200 
1400 
1600 
1.0 x 
2.9 x 10-l' 
1.88 x loe6 
5.90 
2 . 6 3  x 
3.13 x lo-' 
28 
TABLE 1 4 :  SATURATED VAPOR PRESSURE OF URANIUM 
Temperature 
O K  
Vapor P r e s s u r e  
Atm. 
600 
800 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 
3200 
3400 
3600 
3800 
4000 
6.15 x 
1.30 
2.03 
1.72 
1.79 x 
1.50 x 
6.99 x 
1.33 x 
1.47 
1.07 
5.77 
2.41 
8.27 
2.42 x 
-2 6.22 x 10 
1.43 x 10" 
3.01 x 10" 
5.86 x 10" 
29 
TABLE 15 : EQUILIBRIUM CONSTANTS 
Temperature 
OK 
800 
1200 
1600 
2000 
2400 
2800 
- 33.86 
- 17.80 
- 9.79 
- 5.01 
- 1.84 
0.423 
- 18.12 
- 9.64 
- 5.40 
- 2.87 
- 1.19 
0.007 
- 
- 53.93 
- 33.75 
- 21.63 
- 13.53 
- 7.73 
3200 
3600 
4000 
2.11 
3.42 
4.45 
0 900 
1.593 
2.14 
- 3.37 
0.023 
2.75 
Kp (T)  i s  f o r  t h e  r e a c t i o n  
UF6 f UF4 + 2F, -+ 
2 
Kp (T) i s  f o r  t h e  r e a c t i o n  
-+ 3 
UF5 f UF4 + F, 
and Kp (T) i s  f o r  t h e  r e a c t i o n  
UF4 2 U + 4F. 
4 
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